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METHOD AND APPARATUS FOR VENOUS 
DRAINAGE AND RETROGRADE 

CORONARY PERFUSION 

FIELD OF THE INVENTION 

The field of this invention is cardiac bypass Surgery. 

BACKGROUND OF THE INVENTION 

During cardiac Surgery for procedures Such as coronary 
artery bypass grafting, heart Valve repair or replacement, 
Septal defect repair, pulmonary thrombectomy, atherectomy, 
aneurysm repair, aortic dissection repair and correction of 
congenital defects, cardiopulmonary bypass and cold car 
diac ischemic arrest are often required. Typically, a cooled 
cardioplegia Solution, a Solution containing elevated levels 
of potassium, for example, is administered in the antegrade 
direction (in the direction of normal blood flow) through the 
patient's aorta and into the coronary arteries. The cold (2 to 
3 degrees centigrade) cardioplegia Solution stops the heart 
from beating and reduces its temperature to minimize dam 
age to the heart during Surgery. Cardiopulmonary bypass 
maintains the peripheral circulation of oxygenated blood to 
all body organs except the heart during the period of cold, 
cardioplegic, ischemic arrest. 

For Some patients, Such as those Suffering from critical 
coronary artery Stenosis and aortic valve disease, antegrade 
perfusion may be difficult, inefficient and incomplete. Ret 
rograde (in the direction opposite of normal blood flow) 
cardioplegia, using current technology, may be administered 
via the coronary Sinus into the coronary circulation. 

Currently Surgeons performing cardiac bypass Surgery use 
one or more cannulae for venous drainage and additional 
cannulae for retrograde perfusion. The multiple cannulae are 
obstacles and restrict visibility in the Surgical arena. Place 
ment of the cardioplegia cannula into the coronary Sinus is 
a Semi-blind procedure performed through an additional 
purse-String Suture-closed access port via the right atrium. 
The retrograde cannula may be improperly positioned within 
the coronary Sinus, which results in critical coronary vessels 
being inadequately perfused. 
New devices and methods are needed, which facilitate 

cold cardioplegic arrest, yet limit the number of cannulae 
required to isolate the heart and coronary blood vessels from 
the peripheral vasculature, arrest the heart, protect all the 
coronary blood vessels, and drain venous blood from the 
inferior and Superior Vena cava. 

SUMMARY OF THE INVENTION 

This invention relates to a balloon, or tourniqueted, cath 
eter or cannula useful in the retrograde administration of 
cardioplegia through the coronary sinus and Simultaneous 
venous drainage during cardiac bypass Surgery without the 
need to cannulate the coronary sinus. 

The present invention is a cannula for performing venous 
drainage and retrograde perfusion of the heart during cardiac 
bypass Surgery. A Single multi-lumen cannula of the present 
invention can perform the same function as multiple can 
nulae. The cannula of the invention for cardioplegic admin 
istration can improve the protection of a heart during periods 
of ischemia Such as occurs during open-heart Surgery. 

The present invention is a multi-lumen cannula with 
Superior and inferior Vena cava occlusion Structures, car 
dioplegia infusion and drainage ports, a pressure monitoring 
port, and Venous drainage ports. Typical occlusion Structures 
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2 
may include balloons, umbrellas, or externally applied tour 
niquets. The preferred occlusion Structures are balloons 
constructed of elastomeric materials. 
A first lumen of the cannula is connected to the cardiople 

gia infusion System and provides cardioplegia Solution to 
arrest the heart. A Second cannula lumen is connected to the 
venous drainage System. The drainage ports are located in 
the Second lumen. A third lumen is connected to the balloon 
inflation System, which provides inflation fluids, Such as 
water, isotonic Saline or cardioplegia Solution, under con 
trolled pressure or volume to inflate the balloons. The 
preSSure of the balloons and right atrium may also be 
monitored through additional lumens. The balloons isolate 
the heart from the peripheral vasculature by occluding the 
inferior and Superior Vena cava just proximal to the right 
atrium. Additional lumens may be utilized for inflation of 
multiple balloons, pressure monitoring, flow monitoring, 
drainage of cardioplegia, fluid and drug infusion and the 
like. Since it is useful to measure cardioplegic perfusion 
preSSure, a pressure transducer or preSSure measuring lumen 
may be provided at or near the distal end of the cardioplegia 
perfusion lumen for this purpose. 
The cannula is placed into the Vena cava via a route 

through the internal jugular vein, cranial vena cava or 
brachial vein. A Smaller diameter cannula could be placed 
through Smaller venous acceSS ports. The use of Smaller 
venous access ports could be enabled by use of a pump or 
Vacuum powered venous drainage System, typically external 
to the cannula. The catheter of the present invention com 
bines the functions of Several catheters currently used in 
cardiac Surgery. This facilitates the Surgery and improves the 
Surgical field because extra cannulae do not obstruct the 
operative field. The number of individual catheters is 
reduced, providing a more cost effective method for cardiac 
Surgery. Most importantly, improved cardiac protection is 
achieved compared to that of Standard retrograde perfusion 
cannulae. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a longitudinal cross-section of the can 
nula of the present invention comprising a distal tip, a 
proximal end, and a connecting tube according to aspects of 
an embodiment of the invention. External Systems provide 
for venous drainage, cardioplegia infusion, and balloon 
inflation. 

FIG. 2 illustrates a lateral cross-section of a multi-lumen 
tube for construction of the cannula according to aspects of 
an embodiment of the invention. 

FIG. 3 illustrates, in detail, a longitudinal cross-section of 
the distal tip of the cannula of FIG. 1 according to aspects 
of an embodiment of the invention. 

FIG. 4 illustrates, in detail, a longitudinal cross-section of 
the proximal end of the cannula of FIG. 1 according to 
aspects of an embodiment of the invention. 

FIG. 5 shows the placement of the cannula of the present 
invention in the heart for venous drainage and retrograde 
perfusion according to aspects of an embodiment of the 
invention. 

FIG. 6 illustrates, in exterior view, another embodiment of 
the cannula comprising multiple balloons to accommodate 
various anatomic differences according to aspects of an 
embodiment of the invention. Cutouts on the balloons show 
features on the cannula Surface that would normally be 
hidden by the balloons. 

FIG. 7 illustrates a lateral cross-section of a multi-lumen 
tubing for construction of the cannula of FIG. 6 according to 
aspects of an embodiment of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a catheter, tube or cannula 10 of the 
present invention connected to a cardioplegia infusion SyS 
tem or Set 12, a venous drainage collection System 14 and an 
occlusion enabling System 16. In this preferred embodiment, 
the occlusion enabling System 16 is a balloon inflation 
system. The catheter 10 comprises a distal tip 18, a proximal 
end 20, and a length of multi-lumen connection tubing 22. 
The proximal end 20 comprises a manifold or hub 23. The 
manifold 23 comprises a cardioplegia infusion adapter or 
fitting 24, a venous drainage collection adapter or fitting 26, 
and an occlusion adapter 28. In this preferred embodiment, 
the occlusion adapter 28 is a balloon inflation adapter or luer 
fitting. The manifold 23 is typically molded from polymer, 
Such as polyvinyl chloride, polycarbonate, or the like. 

The cardioplegia infusion adapter 24 is connected to the 
cardioplegia infusion System 12. The cardioplegia infusion 
adapter 24 may be any fluid-tight fitting, Such as a luer 
fitting, Suitable for use with the cardioplegia infusion Set 12. 
The Standard cardioplegia System 12 generally comprises a 
preSSurized or non-pressurized bag of cardioplegia Solution, 
a roller pump, a length of tubing and a plurality of connec 
tors. Standard cardioplegia Solutions include water, electro 
lytes Such as but not limited to potassium, crystalloid 
Solutions, and blood. 

The venous drainage collection adapter 26 is connected to 
the venous drainage collection System 14. The drainage 
collection adapter 26 is typically larger in diameter than the 
balloon inflation fitting 28 or cardioplegia infusion fitting 
24. The drainage collection adapter 26 should be capable of 
being connected to the gravity fed, pump driven or vacuum 
fed drainage System 14 and is most typically a ys inch to /2 
inch diameter hose barb. Standard venous drainage Systems 
14 generally comprise a connector, a length of tubing and a 
venous reservoir. Optionally, a vacuum pump may be con 
nected to the venous reservoir. 

The balloon inflation adapter 28 is connected to the 
balloon inflation system 16. The balloon inflation adapter 28 
is typically a female luer fitting but may be any fluid-tight 
fitting Suitable for use with an inflation Syringe or the like. 
The standard balloon inflation system 16 comprises a 
Syringe, a Volume of balloon inflation fluid Such as Saline or 
radiopaque media, and a valve or Stopcock associated with 
each balloon inflation adapter 28. Additionally, the balloon 
inflation System 16 could comprise a device, Such as a 
jackScrew, to advance or withdraw a plunger on the Syringe 
using mechanical advantage. 

FIG. 2 shows the cross-section of the connection tubing 
22. The connection tubing 22 is multi-lumen tubing and 
comprises, at minimum, an infusion lumen 30, a venous 
drainage lumen 32, an inflation lumen 34, and a wall 31. The 
connection tubing 22 is preferably made from a polymeric 
material Such as polyvinyl chloride, polyethylene, 
polypropylene, polyurethane and the like. Preferably, the 
tubing 22 is transparent. 
FIG.3 illustrates the distal tip 18 of the catheter 10 of FIG. 

1 in detail. The distal tip 18 is an extension of the connecting 
tubing 22 and comprises the infusion lumen 30, the venous 
drainage lumen 32 and the inflation lumen 34. Additionally, 
the distal tip 18 comprises a plurality of Venous drainage 
ports 36, a distal or first occlusion device 39, a plurality of 
cardioplegia infusion port or ports 42, and a proximal or 
second occlusion device 45. The distal tip 18 further com 
prises an inflation lumen plug 48 and an infusion lumen plug 
50. A cardioplegic drainage lumen may likewise be utilized 
to adjust cardioplegic perfusion preSSures, if needed. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
In this preferred embodiment, the first occlusion device 

39 comprises a first balloon 38 and a plurality of first balloon 
inflation ports 40. The second occlusion device 45 comprises 
a second balloon 44 and a plurality of second balloon 
inflation ports 46. 
The venous drainage ports 36 are openings in the drainage 

lumen 32 and connect the venous drainage lumen 32 with 
the exterior of the cannula 10. There is no communication 
between the venous drainage lumen32 and the other cannula 
lumens 30 and 34. The venous drainage ports 36 are 
preferably located more proximally than the Second balloon 
44 and/or more distally than the first balloon 38 on the 
cannula 10. 

The balloon inflation ports 40 and 46 are located on the 
inflation lumen 34. The inflation lumen 34 is isolated from 
the other cannula lumens 30 and 32. The first balloon 38 and 
the second balloon 44 are located over the first balloon 
inflation ports 40 and the second balloon inflation ports 46, 
respectively. When the balloon inflation fluid flows through 
the inflation ports 40 and 46 from the inflation lumen 34, the 
balloons 38 and 44 inflate. 
The cardioplegia infusion port(s) 42 are openings on the 

infusion lumen 30. The infusion lumen 30 is isolated from 
the other lumens 32 and 34. The cardioplegia infusion ports 
42 are located between the balloons 38 and 44 Such that 
cardioplegia Solution is infused between the balloons 38 and 
44 and is directed into the right atrium of the heart where it 
Subsequently passes into the coronary arteries by way of the 
coronary Sinus. 

FIG. 4 shows the proximal end 20 of the cannula 10 of 
FIG. 1 in detail. The proximal end 20 is an extension of the 
connecting tube 22 and comprises the cardioplegic infusion 
lumen 30, the venous drainage lumen 32, and the inflation 
lumen 34. The proximal end 20 additionally comprises the 
manifold 23, which comprises the cardioplegia infusion 
adapter 24, the venous drainage collection adapter 26 and 
the balloon inflation adapter 28. The cardioplegia infusion 
adapter 24 connects to the infusion lumen 30. The venous 
drainage collection adapter 26 connects to the drainage 
lumen32 and the balloon inflation adapter 28 connects to the 
inflation lumen 34. 

FIG. 5 illustrates the placement of the cannula 10 of the 
present invention in a heart 100 during retrograde perfusion. 
The heart 100 comprises a left ventricle 102, a right ventricle 
104, a tricuspid valve 106, a coronary sinus 108, a right 
atrium 110, an inferior Vena cava 112, and a Superior Vena 
cava 114. 

During normal operation of the heart, blood returning 
from the tissueS of the body passes through peripheral veins 
into the Superior 114 and inferior vena cava 112 and into the 
right atrium 110. The coronary sinus 108 is the region of the 
heart 100 where blood exits the coronary vascular circuit 
and passes back into the right atrium 110. The coronary Sinus 
108 is located in close proximity to the inferior vena cava's 
entry into the right atrium 110. Blood leaving the coronary 
circulation by way of the coronary sinus 108 joins the 
venous blood from the vena cava 112 and 114 in the right 
atrium 110. The venous blood flows through the right atrium 
110 and is pumped by the right ventricle 104 into the lungs 
where it is Oxygenated and carbon dioxide is removed. The 
oxygen-rich blood then passes into the left atrium and left 
ventricle 102 where it is then pumped into the systemic 
circulation to nourish the organs and tissues of the body. The 
coronary oStea, or entrance to the coronary arteries, are 
located at the root of the aorta, just downstream of the aortic 
valve. 
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When the heart 100 is placed on cardiopulmonary bypass, 
blood is removed from the venous circulation at the inferior 
Vena cava 112 and Superior Vena cava 114 and is routed to 
an oxygenator that adds oxygen and removes carbon diox 
ide. The oxygenated blood is pumped back into the patients 
Systemic circulation So tissues can be perfused while the 
heart is being Surgically repaired. 

The cannula 10 of the present invention serves the triple 
function of blocking venous blood from entering the right 
heart during Surgery, removing the venous blood from the 
Vena cavaSo that it may be extracorporeally oxygenated and 
pumped back to the patient, and infusing cardioplegia Solu 
tion into the heart in a retrograde direction during the 
Surgical repair procedure. 

Referring to FIGS. 1,3,4, and 5, the physician makes an 
incision in the jugular vein, for example, and inserts the 
distal tip 18 of the catheter or cannula 10 into the incision. 
The catheter 10 is threaded into the vein, advanced into the 
vena cava 112 and 114, and positioned, with the aid of 
fluoroscopy, for example, such that the balloons 38 and 44 
are located in the inferior Vena cava 112 and Superior Vena 
cava 114, respectively. The cardioplegia infusion ports 42 
are located at the entrance to, or inside of, the right atrium 
110 and the drainage ports 36 are located in the Superior 
Vena cava 114 and inferior Vena cava 112, proximal or 
upstream of the balloons 38 and 44. 

Next, the balloon inflation system 16 is activated. Balloon 
inflation is accomplished by driving balloon inflation fluid 
from the balloon inflation system 16, through the balloon 
inflation adapter 28, into the balloon inflation lumen 34, 
through the balloon inflation ports 40 and 46 and into the 
balloons 38 and 44. The inflation lumen plug 48 prevents the 
balloon inflation fluid from escaping from the distal end of 
the inflation lumen 34. This infusion of balloon inflation 
fluid causes the balloons 38 and 44 to inflate and occlude the 
entrance of the right atrium 110 from the Superior vena cava 
114 and the inferior vena cava 112. Because of this 
occlusion, blood is prevented from flowing from the Supe 
rior vena cava 114 and the inferior vena cava 112 into the 
right atrium 110 of the heart 100, and must exit via the 
drainage ports 36 of the cannula 10. The blood passes 
through the cannula 10 and on into the venous reservoir of 
the cardiopulmonary bypass System. 

The cardioplegia infusion System 12 is next activated. The 
cardioplegia Solution flows from the cardioplegia infusion 
System 12, through the cardioplegia infusion adapter 24, into 
the infusion lumen 30, through the cardioplegia infusion 
ports 42, and into the right atrium 110 where, under mod 
erate pressure, the cardioplegia Solution enters the coronary 
sinus 108 and the right ventricle 104. In order for cardiople 
gic Solution to enter the coronary Sinus 108 in a retrograde 
fashion, the right atrium 110 and ventricle 104 must be 
preSSurized, which necessitates occlusion of the pulmonary 
artery root. The pulmonary artery thus is typically croSS 
clamped to prevent perfusion of the lungs during Surgery. 
The infusion lumen plug 50 prevents the cardioplegia Solu 
tion from escaping from the distal end of the infusion lumen 
30. The cardioplegia solution arrests the beating of the heart 
100 by interfering with the sodium potassium cycle of the 
cardiac muscle cells. 

In addition, the venous drainage collection System 14 is 
activated. Any blood in the Superior Vena cava 114 and 
inferior Vena cava 112 flows through the drainage ports 36, 
into the drainage lumen 32, through the drainage collection 
adapter 26, and into the drainage collection System 14. The 
drainage collection System 14 collects the venous blood. 
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This blood is, in most cases, routed to a venous reservoir of 
a cardiopulmonary bypass System where it then passes into 
an oxygenator and heat eXchanger where it, respectively, 
undergoes removal of carbon dioxide and addition of oxy 
gen and undergoes heat transfer. The oxygenated blood is 
pumped back into the patient's Systemic circulation via an 
arterial cannula placed in a Systemic artery distal to the 
aortic valve. 

The Surgeon can now perform the prescribed heart Sur 
gery. A Single cannula of the present invention provides the 
infusion, inflation, and drainage functions, which eliminates 
the need for the multiple cannulae currently used for open 
heart procedures. 

Referring to FIG. 5, patients have different spacing 
between the entrance of the inferior vena cava 112 into the 
right atrium 110 and the entrance of the Superior Vena cava 
114 into the right atrium 110. A one-size-fits-all catheter 10 
may not be optimum for use in all patients. FIG. 6 shows a 
more preferred embodiment of the catheter, which compen 
Sates for anatomic differences between patients. The opera 
tion of cardioplegia infusion and drainage collection are the 
same as that described earlier for the cannula 10. 

Referring to FIG. 6, the catheter or cannula 52 comprises 
a plurality of first balloons 54, a second balloon 56, a 
plurality of first balloon inflation port sets 58, a plurality of 
Secondballoon inflation ports 60, and a length of connecting 
tubing 62. The catheter 52 also comprises a manifold 64, 
which comprises a plurality of first balloon inflation adapters 
66 and a second balloon inflation adapter 68. The catheter is 
connected to the cardioplegia infusion System 12, the venous 
drainage collection System 14, and the balloon inflation 
system 16. 

FIG. 7 illustrates a cross section of multi-lumen connec 
tion tubing 62 for the construction of the catheter 52 of FIG. 
6. The tubing 62 comprises a plurality of first balloon 
inflation lumen 70, a second balloon inflation lumen 72, the 
infusion lumen 30, the drainage lumen 32, and the wall 31. 

Referring to FIGS. 6 and 7, the balloon inflation system 
16 connects to the catheter 52 through the first balloon 
inflation adapterS 66 and the Secondballoon inflation adapter 
68. Each first balloon inflation adapter 66 connects to one 
first balloon inflation lumen 70. The secondballoon inflation 
adapter 68 connects to the second balloon inflation lumen 
72. Each set of first balloon inflation ports 58 is located on 
one first balloon inflation lumen 66. The second balloon 
inflation ports 60 are located on the second balloon inflation 
lumen 72. Each first balloon 54 is positioned over one set of 
first balloon inflation ports 58, such that when inflation fluid 
is injected through the Selected first balloon inflation ports 
58, only the first balloon 54 over the selected first balloon 
inflation ports 58 is inflated. The second balloon 56 is 
positioned over the second balloon inflation ports 60 such 
that when balloon inflation fluid is injected through the 
second balloon inflation ports 60, the second balloon 56 is 
inflated. Each first balloon inflation adapter 66 has a corre 
sponding first balloon inflation lumen 70, a corresponding 
set of first balloon inflation ports 58, and a corresponding 
first balloon 54. 

Referring to FIGS. 5 and 6, the physician places the 
catheter 52 into the right atrium 110. The physician places 
the second balloon 56 in the entrance of the Superior vena 
cava 114 and the series of first balloons 54 line up in the right 
atrium 110 and into the inferior vena cava 112. The second 
balloon 56 is inflated to occlude the Superior vena cava 114. 
Only the first balloon 54 in the plurality of first balloons 54, 
which is in the entrance of the inferior vena cava 112, 
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corresponding to the correct spacing for the patient's heart, 
is inflated to occlude the inferior vena cava 112. Balloons 54 
and 56 to be inflated are connected to the balloon inflation 
system 16 through their balloon inflation lumen 70 and 72. 
The balloon inflation lumen 70 of the balloons 54 selected 
for non-inflation are simply not connected to the balloon 
inflation system 16. In this manner, the catheter 52 is 
optimized for the individual patient's anatomy. The better fit 
minimizes the chance of the balloons 54 and 56 slipping out 
of position and leaking venous blood into the heart, with 
potentially Severe complications for the Surgery patient. 

Preferably, the plurality of balloons are located on the 
distal end of the catheter's cardioplegia infusion ports 42, 
although multiple balloons proximal to the cardioplegia 
inflation ports 42 would also be acceptable. Only the bal 
loons that are spaced correctly to occlude the patient's 
Superior 114 and inferior 112 vena cava are inflated. 

In another embodiment for multiple balloon inflation 
Selection, a single balloon inflation lumen may be connected 
to all of the balloons and to a control rod that selectively 
opens balloon inflation ports to the correct balloon or 
balloons. Such a control rod would typically be an axially 
elongate, torqueable Structure running the length of the 
cannula tubing. By rotating or axially moving the control rod 
by grasping a projection at the proximal end of the cannula, 
inflation ports would be selectively opened between the 
balloon inflation lumen and the balloon to be inflated. 
Markings on the control rod would indicate which balloons 
were being inflated or which spacing was being chosen. 
Again, only the balloons correctly spaced to occlude the 
patient's vena cava are inflated. Other balloons would not be 
inflated because their ports would not have been selectively 
opened. 

In yet another embodiment of the cannula 10, the distal tip 
18 comprises an accordion-like or telescoping Structure 
between the occlusion devices 39 and 45, and a control rod. 
The accordion-like or telescoping Structure allows the length 
of the cannula 10 to be adjusted so that the occlusion devices 
39 and 45 fit the spacing between the patient's Superior vena 
cava 114 and inferior vena cava 112. This accordion-like 
structure is a longitudinally flexible area of the cannula 10 
with corrugations to allow for compression or expansion in 
length. The control rod extends from the distal tip 18 of the 
cannula 10 to the proximal end 20. The control rod is linked 
to the cannula 10 Such that pushing or pulling the control rod 
relative to the proximal end 20 increases or decreases the 
length of the cannula 10. The control rod is locked into place 
with a locking device when the correct spacing between the 
occlusion devices 39 and 45 is achieved. A telescoping 
Structure could be used in place of the accordion-like 
Structure to allow for cannula length adjustment using the 
control rod. 

In yet another embodiment, the balloon inflation adapter 
28 is connected to the cardioplegia infusion System 12. In 
this embodiment, the cardioplegia Solution is used in the 
cardioplegia infusion System 12 to arrest the heart and in the 
balloon inflation system 16 to inflate the balloons 38 and 44 
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or 54 and 56. Typically, cardioplegia Solution is infused at a 
pressure of around 20 mmHg. The balloons 38, 44, 54, and 
56 may be inflated with an internal pressure of 20 mmHg 
and this pressure may be derived from the pressure of the 
cardioplegia Solution. This embodiment has the advantage 
of reduced complexity and Simplified pressure limiting. 
The balloons 38 and 44 are only one way of occluding the 

vena cava 112 and 114. Another embodiment of the occlu 
sive structures 39 and 45 comprises one or more external 
tourniquets. One or more tourniquets may be applied exter 
nal to the vena cava 112 and 114 to seal the vena cava 112 
and 114 to the cannula 10 and prevent cardioplegia Solution 
from escaping the environs of the right atrium entry 110 to 
the coronary sinus 108. 
A further embodiment of the occlusive structures 39 and 

45 comprises umbrella mechanisms, which open up to 
occlude the Vena cava. Opening and closing of the umbrellas 
would be accomplished using a control rod extending along 
the length of the catheter and out the proximal end of the 
catheter where it could be grasped. 
The present invention may be embodied in other specific 

forms without departing from its Spirit or essential charac 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. The Scope 
of the invention is therefore indicated by the appended 
claims rather than the foregoing description. All changes 
that come within the meaning and range of equivalency of 
the claims are to be embraced within their Scope. 

I claim: 
1. A method of cannulating a patient's heart during 

cardiopulmonary bypass comprising the Steps of: 
inserting a cannula into a venous System of the patient; 
positioning the cannula So that Said cannula traverses a 

right atrium and extends into both a Superior and an 
inferior Vena cava; 

enabling an occlusion device in each of the Superior and 
inferior Vena cava; 

draining venous blood from the Vena cava and; 
infusing cardioplegia Solution into the right atrium of the 

heart, and infusing Said cardioplegia Solution, 
retrograde, into the coronary Sinus without cannulating 
the coronary sinus, 

wherein all Steps are performed by use of a single cannula. 
2. The method of claim 1 wherein the cannula is routed to 

the heart, through the veins, from the jugular vein. 
3. The method of claim 1 further comprising the step of 

measuring the pressure in the right atrium of the heart. 
4. The method of claim 1 wherein the cardioplegia 

Solution is directed into the coronary Sinus by the occlusion 
devices in the Superior and inferior Vena cava. 

5. The method of claim 1 wherein the occlusion devices 
in the Superior and inferior Vena cava are balloons. 

6. The method of claim 1 wherein the distance between 
the occlusion devices in the Superior and inferior Vena cava 
is adjustable. 


